(SnCl 2 2H 2 O, Alfa Aesar, USA), anhydrous tin(II) chloride (SnCl 2 , Alfa Aesar, England), triethanolamine (C 6 H 15 NO 3 , TEA, Loba Chemie, Mumbai, India), thioacetamide (CH 3 CSNH 2 , Loba Chemie, Mumbai, India), sodium sulfate (Na 2 S, Qualigens Fine Chemicals, Mumbai, India) and aqueous ammonia (NH 4 OH, Merck, Mumbai, India). All chemicals were of analytical reagent grade and used without any further purification/ treatment.
Chemical bath deposition (CBD)
In the synthesis of SnS thin films by CBD technique at ambient and 70  C temperature, stannous chloride dihydrate was used as a source of Sn +2 ions and thioacetamide was used as a source of S -2 ions. In the synthesis 1g of SnCl 2 2H 2 O was dissolved in 5ml acetone by magnetic stirring. Under continuous stirring, 5.5 ml of triethanolamine was added into it. On addition of triethanolamine to the stannous chloride solution, exothermic reaction occurred and the solution becomes dense white.
After few seconds of stirring it turned into a colloidal white solution. Triethanolamine (TEA) is a complexing agent to extract Sn +2 ions from the solution in controlled condition. It also helps to reduce the speed of precipitate formation during synthesis. color. The pre-cleaned dry glass substrate was immerged vertically into the final bath solution for 12h at ambient temperature. The obtained films were seen to be dark brown in color and uniformly cover the entire area of the glass substrate.
In the synthesis of SnS thin films by CBD at 70C, the same solution as discussed for ambient temperature CBD deposition is used. The beaker containing prepared SnS solution along with immerged pre-cleaned glass substrate was kept in a constant temperature controller water bath set at 70C temperature. The deposition of SnS at 70C was done by keeping the glass substrate vertical in the solution at the set temperature for 1hr. After 1hr the substrate was removed from the solution and the temperature of the substrate containing deposited thin films was allowed to come down to ambient temperature. After the temperature came down to ambient temperature the film was given multiple wash with distilled water. The obtained films were seen to be dark brown in color. Here 80 cycles of dipping was done for thin films deposition. The ambient temperature dip coating deposited SnS thin films were dark brown in colour and had uniform thin films deposition.
Dip coating

SILAR Deposition
The The deposited SnS thin films were of dark brown in colour. The SILAR deposition for SnS thin films follows the below chemical reaction;
Reaction mechanism
The thicknesses of all the four synthesized thin films were determined by gravimetric weight difference method [4] . In this, a sensitive microbalance was used and film density was taken as that of the bulk SnS density of 5.1 gcm −3 [27] . The obtained average thicknesses of the four SnS thin films deposited by various techniques are; S1 has 0.19 m; S2 has 0.23 m; S3 has 0.29 m and S4 has 0.32 m.
It is seen that the thin films thickness of 70C CBD deposited thin films is more than the ambient temperature CBD deposited thin films, though same solution being used for both synthesis. This may be due to high temperature of the deposition bath, which increases the reaction rate and thus deposition rate increases leading to increase in thickness of the thin films. Here the thickness of the dip coating and SILAR deposited SnS thin films is more than any of the CBD thin films. The thickness in case of dip coating and SILAR technique depends on the number of dip cycles.
Characterizations
The stoichiometric analysis of all the as deposited thin films samples were done by energy dispersive analysis of X-rays (EDAX) attached to JEOL JSM 5600
Scanning Electron Microscope. The X-ray diffraction (XRD) patterns for all the as deposited thin films were recorded using Bruker D8 Advance X-ray diffractometer employing graphite monochromatized CuK α radiation (λ = 1.5405 Å). The scanning rate of 1. 
Results and discussion
Elemental analysis
The four as deposited SnS thin films were characterized by EDAX to evaluate the elemental composition. The EDAX spectra of as deposited thin films are shown in Fig. 4. 1. The elemental analysis shows the presence of tin (Sn) and sulphur (S) along with some other elements. The presence of the other elements such as silicon (Si), calcium (Ca), aluminium (Al), sodium (Na), magnesium (Mg) and oxygen (O) are due to glass substrate. The average atomic percentage ratio of Sn: S after correction by subtraction of substrate elements in each deposited thin films were found to be; S1 is 0.97, S2 is 0.95, S3 is 0.93 and S4 is 0.94, indicating the as deposited four thin films to be nearly stoichiometric. The EDAX data states that all the synthesized SnS thin films have slight deficiency of tin. plays a role in increasing the crystallinity of the deposited thin films. While in case of S4, the thin films deposition is by SILAR. In SILAR method, the deposition is by ionion adsorption, so there is always a possibility of perfect films structure formation.
The S1 and S3 shows presence of Sn 2 S 3 phase, which might be the cause of poor crystalline nature, compared to S2 and S4 thin films samples.
The crystallite sizes (t) of all the four SnS thin films were evaluated using XRD data employing the Scherrer's relation [28] .
The values of crystallite size of the four SnS thin films determined using prominent XRD reflections are tabulated in Table 4 .1. The data clearly indicates that S2 thin films possess large crystallite size. This is due to high temperature CBD deposition of the S2 thin films. The high temperature of the solution bath leads to better coalescence between the nucleation clusters leading to increased crystallite size in S2.
The crystallite sizes of as deposited SnS thin films using prominent XRD planes were evaluated by Hall-Williamson (HW) plot [29] . The HW plot relates the full width half maxima (FWHMs) (β) of XRD peaks as a linear combination of the contributions from the strain (ε) and crystallite size (t) through the following relation; The negative values of strain for the thin films samples S1 and S4 (Table 4.1) indicates the strain to be compressive. While strain values in case of thin films samples S2 and S3 (Table 4 .1) is positive stating it to be tensile strain. The dislocation density (δ) of the as deposited SnS thin films were calculated from the average values of the crystallite size t by the below relationship [30] . The obtained values of dislocation density () tabulated in Table 4 .1 shows that it is lowest in case of the S2 thin films, deposited by CBD at 70C. This clearly states that temperature helps in crystallizing the thin films, thus increases the crystallite size and reduces the dislocation density, making it a potential candidate for optoelectronic devices [30] . In the 21 optical phonons, two are inactive (2A u ), seven are infrared active (3B 1u , 3B 3u , and 1B 2u ) and 12 are Raman active (4A g , 2B 1g , 4B 2g and 2B 3g ).
The Raman spectra of all the four as deposited SnS thin films showed that all of them possess two common Raman peaks lying at 94 and 225 cm -1 . They are the SnS characteristic A g modes of 95±1 cm −1 [32] and 218±7 cm −1 [33] . The S1 films shows a very weak peak at 169 cm −1 and S2 films show a broad Raman peak at 158 cm −1 , both peaks assigned to B 2g mode of SnS [32, 34] that is associated with interaction along the inter-layer b axis. The S1 and S3 films showed minor Raman peak at 307±1, associated to 308 cm −1 of Sn 2 S 3 [35] . In S4 thin films sample there is a Raman peak at 312 cm 
Surface analysis
The SEM images of the four as deposited SnS thin films are shown in Fig. 4 .5.
The images show that the substrate is uniformly well covered by the deposited films.
It is seen that the thin films deposition is smooth and homogeneous in distribution all over the substrates without pinholes and crakes. The grain size in case of all the four thin films samples ranges in nm. The optical absorbance variation with wavelengths in the range 250 nm to 1400 nm for all the four synthesized SnS thin films are shown in Fig. 4.6(a) . The absorbance in case of sample S4 is highest compared to S1, S2 and S3 thin films. Also sample S4 shows extended absorbance compared to other three thin films samples. Table 4 .2.
Optical analysis
Here the direct optical bandgap values vary from 1.14 eV to 1.75 eV. This lies within the reported optical bandgap data for thin films, 1.1 eV to 2.0 eV [37, 38] . The data shows that the optical bandgap value of sample S2 thin films is lowest 1.14 eV.
This is due to the thin films deposited by CBD at high temperature of 70C, leads to large crystallite size and good quality single phase SnS thin films. Whereas samples, S1, S3 and S4 possesses other tin sulphide phases like SnS 2 and Sn 2 S 3 . The bandgap values of SnS 2 and Sn 2 S 3 are higher than SnS, which leads to increase in the optical bandgap values of S1, S3 and S4 SnS thin films, which possess these tin sulphide phases.
Electrical analysis
The current-voltage (I-V) characteristic study was undertaken on all the four as deposited SnS thin films by taking contacts using silver (Ag). The I-V characteristic measurements of the Ag/ SnS four as deposited thin films configurations were done in the voltage variation of -20V to +20V. The I-V characteristics were measured for dark as well as for intensity of 3Wcm Table 4 .2. The activation energy values determined for all the four thin films samples in the temperature range 309-335K is in agreement with the reported value of 0.567 eV [30] recorded in the same temperature range.
In the higher temperature range of 336K-400K, S1 and S2 films have same values of activation energy of 0.47 eV. This may be due to common CBD deposition technique for both the thin films S1 and S2, though deposition is at different temperatures. In the measurements at higher temperature range of 336K-400K, the ambient temperature CBD deposited S1 thin film rearranges and behaves just like S2 thin films. The S2 thin film in this temperature range of 336K-400K remains stable since its deposition by CBD is at high temperature of 70C. Thus both the thin films show equal activation energy values. In the temperature range of 336K to 400K, the S3 and S4 thin films shows average activation energy value of 0.12 eV. This average activation energy value is much lower than the activation energy values of S1 and S2 films in the same temperature range. The low value of activation energy may be due The ambient temperature Hall Effect measurements were performed on all the four as deposited SnS thin films. The measurements were done by taking silver paint contact in van der Pauw geometry. The Hall coefficient, mobility and charge carrier concentration of the SnS thin films were evaluated using the relations; The carrier concentration values determined from the Hall Effect measurements tabulated in Table 4 
Conclusions
SnS thin films were deposited by CBD, dip coating and SILAR techniques.
The CBD deposition was done at two temperatures, one at ambient and another at 70C. In total four samples of SnS thin films were deposited viz ambient temperature CBD, 70C CBD, Dip coating and SILAR. The four thin films samples were comprehensively characterized. The EDAX analysis showed that all the four as deposited SnS thin films were slight tin deficient. The XRD analysis showed the deposited thin films possess orthorhombic structure with (002) as the prominent plane. The XRD showed that S2 and S4 thin films showed better crystallinity than S1
and S3. The better crystallinity in S2 and S4 is due to CBD deposition at high temperature of 70C and in SILAR ion-ion adsorption deposition respectively. The crystallite size determined by Scherrer's relation and Hall-Williamson plot showed that the S2 thin films possess large crystallite size compared to other thin films. This is due to depositions at high temperature of 70C in case of S2. The Raman spectra of the four as deposited SnS thin films showed that all films possessed two characteristic common peaks, 94 and 225 cm -1 , associated with A g mode of the orthorhombic SnS.
While thin films samples S1 (169 cm −1 ) and S2 (158 cm −1 ) possess additional B 2g mode of SnS. The S1 and S3 films showed peaks associated to Sn 2 S 3 phase and S4
had SnS 2 phase. These phases in the relevant samples were observed in the respective XRD patterns. The SEM images of the four as deposited SnS thin films showed that the thin films uniformly covers the entire substrate without any pinholes or cracks.
The grain size varied in nm range. The optical absorption study of the as deposited 
